Pediatric HIV-1 infection acquired by vertical transmission follows a bimodal clinical course. Approximately one third of infected children develop AIDS within the first 2 y of life, and the remaining progress clinically more slowly, representing the second peak of pediatric AIDS (1) (2) (3) . The reason for the dichotomy is still unclear. Timing of viral transmission is considered the main cause since intrauterine transmission has been associated with a more rapid disease progression than intrapartum or breast-feeding transmission (2) . In addition, viral characteristics (4 -6) and host genetic background (7) may also affect the clinical outcome of AIDS.
AIDS pathogenesis is widely variable among infected people. In vitro biologic features of HIV-1 isolates and plasma viral burden have been reported to play an important role in disease outcome of infected adults (4 -6, 8) . M-tropic R5, NSI HIV-1 strains that predominate during the asymptomatic period of infection, are the phenotypes preferentially transmitted (9, 10) . As the infection progresses, in approximately half of the patients HIV-1 switches from M-tropic to either T-tropic (X4) or dual-tropic (R5X4) SI, which is followed by a rapid decline of circulating CD4 ϩ T-cell counts and progression to AIDS (11) (12) (13) (14) . Usually, M-tropic NSI strains have an in vitro slower replication rate with a lower yield of virus than T-tropic SI viral isolates (4, 6) . Although most HIV-1 phenotypic studies have been conducted in adults, it is generally accepted that they may similarly affect the clinical outcome of HIV-1-infected children. Few reports with a limited number of infants T-cell value calculated for healthy children in various age groups (22) . Clinical and immunologic stages were established according to the 1994 criteria of the US Centers for Disease Control and Prevention classification for children (23) . At the entry in the study, the clinical categories of the infants were as follows: 31 (50%) children stage N or A, 7 (11%) stage B, and 24 (39%) stage C. We defined early disease progression as children progressing to AIDS within the first year of life, and immunosuppression as CD4 ϩ T-cell counts below 20% of normal. Four infants with early AIDS outcome died during the study at 4, 5, 7, and 11 mo of age.
Viral load measurements. Plasma viral burden was determined by HIV-1 RNA QT Nuclisens (Organon Teknika, Boxtel, The Netherlands) or with Amplicor HIV-1 Monitor test (Roche Diagnostic Systems, Branchburg, U.S.A.) according to the manufacturer's instructions.
Virus isolation. HIV-1 was isolated by cocultivation as previously described by Hollinger et al. (24) . Briefly, 3-6 ϫ10 6 PBMC from the patients were cocultured with an equal amount of PBMC obtained from HIV-seronegative blood donors, prestimulated for 24 to 72 h with PHA (5 g/mL Difco Laboratories, Detroit, MI, U.S.A.), in RPMI 1640 medium (Invitrogen, Carlsbad, CA, U.S.A.) supplemented with 20% fetal bovine serum (Invitrogen), 5 U/mL IL-2 (human natural, Invitrogen), and 10 g/mL gentamicin (Invitrogen). The cultures were maintained for over a month, and cell-free supernatants were collected on d 2 to 5 and twice a week thereafter. Every week, fresh PHA-stimulated donor cells were added to the cultures. Viral stocks were stored at Ϫ80°C for further infectivity assays.
Viral replication kinetics was determined in PBMC culture supernatants by measuring p24 Ag with a commercial ELISA (HIVAg 1 Monoclonal; Abbott Laboratories, U.S.A.). According to the time of p24 Ag detection and maximum level of production throughout the cell culture, HIV-1 isolates were classified as rapid (R) or slow (S) and high (H) or low (L). R replication rate was defined when p24 Ag was detected within the first 5 d of being cultured and S when the lag phase was 6 or more days. When p24 Ag production was higher than 20,000 pg/mL during the month of culture, HIV-1 isolates were considered H; by contrast, viral isolates with lower outputs were defined as L.
Syncytium formation assay. The assay for syncytium formation was performed as described by Japour et al. (25) . Briefly, supernatants from HIV-1-positive cocultures (p24 Ag Ͼ 200 pg/mL) were added to four wells containing 5 ϫ 10 4 MT-2 cells/well in RPMI 1640 medium (Invitrogen) supplemented with 10% fetal bovine serum (Invitrogen) and 10 g/mL gentamicin (Invitrogen) in 96-well plates. SI primary isolates from patients were used as positive controls in each assay, and wells without virus served as negative controls. Syncytium formation of the culture was examined microscopically at 3-to 4-d intervals for 14 -21 d. After each examination, half of the culture volume was replaced with fresh medium. SI was scored when an infected well had five or more syncytia. At the end of the culture, the cells were recovered, washed twice with PBS, and HIV-1 proviral DNA was amplified directly on cell lysates as described by Albert and Fenyo (26) .
To assure the infectious potential of the viral inoculum added to the MT-2 cells, in particular of the isolates that were NSI, a parallel infectivity assay was performed adding the same viral inoculum to duplicate wells in 96-well plates containing 2 ϫ 10 5 PHA-stimulated PBMC from an HIVseronegative blood donor. After an overnight incubation, cells were washed twice with PBS and refilled with fresh medium (RPMI 1640 supplemented with 10% fetal bovine serum, 5 U/mL IL-2, and 10 g/mL gentamicin). On d 7, half of the culture volume was exchanged, and on d 14, p24 Ag production was measured in culture supernatants. When the viral inoculum was able to productively infect PBMC, and no syncytia in MT-2 cells were observed by microscopic examination, the viral isolate was scored as NSI.
Statistical analysis. Comparison of biologic properties of the viral isolates and immunologic features of HIV-1-infected infants in relation to disease progression were statistically analyzed by either Fisher's exact test or 2 test. When normal distribution of the variables and no significant difference of variances were fulfilled, unpaired t test was used to compare the differences for continuous variables (CD4 ϩ T-cell counts, plasma viral load, first day and maximum level of p24 Ag 476 detection in cultures) in relation to clinical stage. Spearman's correlation coefficient was used to evaluate a possible association between plasma viral load and the day of appearance of p24 Ag in viral cultures. To estimate the cumulative proportion of children who progressed to AIDS we performed KaplanMeier analysis. Differences in rates of progression were tested by the log rank test. Multivariate analysis was performed by Cox proportional hazard regression model to determine the risk ratio to AIDS progression for the different features analyzed. Statistical significance for all tests was considered when p Յ 0.05.
RESULTS

Biologic features of HIV-1 isolates.
Replication kinetics of the virus was measured in 60 infants. Thirty-five (58%) showed R replication rate and 25 (42%) S replication rate. On the other hand, in 38 (63%) of the infants HIV-1 production was H and in 22 (37%) was L. The combination of both replication features (R/S and H/L) revealed a significant association between them (p Ͻ 0.0001, Fisher's exact test) and is illustrated in Table 1 . R viral isolates were associated with H virus production, whereas S strains were related with L virus production.
HIV-1 isolates from 62 infants were evaluated for SI capability. Eighteen percent were able to induce syncytium formation (SI); 75% of SI strains were isolated within the first 5 mo of life. To assure infection of MT-2 cells by SI strains versus noninfection by NSI viruses, we examined the presence of HIV-1 provirus by PCR on MT-2 cells cultured with the studied viral isolates. HIV-1 provirus was present in MT-2 cells inoculated with all SI strains but also with one NSI strain. This finding suggests either 1) that the number of SI strains in the viral isolate is too low to induce syncytium formation, or 2) the existence of a viral strain able to infect MT-2 cells without causing syncytia. For further evaluation, the discrepant HIV-1 isolate was excluded from the study. SI and NSI viral strains did not significantly differ in their replication rates.
Replication phenotype and HIV-1 disease progression. Clinical follow-up was prospectively recorded in 55 HIV-1 infected children, and 64% of them developed AIDS before 12 mo of age. Twenty-two infants received ZDV prophylactic therapy. The number of patients who developed AIDS within the first year of life did not differ significantly whether or not they received ZDV (data not shown).
To evaluate the impact of HIV-1 replication phenotypes on early onset of AIDS, children were divided into two groups on the basis of whether they developed AIDS or not during the first year of life. Results are summarized in Table 2 . Among the children with SI isolates, 91% developed AIDS during the first year of life, which was significantly higher than the 56% of children who harbored NSI viral strains (p ϭ 0.04, Fisher's exact test; Table 2 ). Kaplan-Meier analysis of SI and NSI phenotypes for AIDS outcome showed no significant differences (Fig. 1A) , although children with SI virus tended to progress to AIDS more rapidly than those with NSI isolates (p ϭ 0.06, log rank test).
Although early isolation of SI viral strains in pediatric HIV-1 primary infection seems to be associated with rapid progression to AIDS, a high proportion of infants harboring NSI viruses developed early AIDS as well. These results suggest that besides SI viral phenotype, other factors may influence pediatric HIV-1 clinical outcome. Considering the replication kinetics of viral isolates, two thirds of the children who developed AIDS within the first year of life harbored viruses with R replication rate compared with less than one third of infants without early AIDS (p ϭ 0.02, Fisher's exact test; Table 2 ). Kaplan-Meier analysis of time to AIDS indicated that children with R replicating viruses progressed to AIDS earlier than those with S replicating strains, with a median AIDS-free survival time of 6 mo versus 13 mo for R and S replicating virus carriers, respectively (p ϭ 0.02, log rank test; Fig. 1B) . Furthermore, we compared the first day of p24 Ag detection in culture supernatants of children who developed AIDS and those who did not. Early progressors had a mean time to p24 Ag positivity of 4.7 Ϯ 0.3 d (mean Ϯ SD) versus 6.2 Ϯ 0.7 d for infants without early AIDS (p ϭ 0.02, unpaired t test). Thus, HIV-1 could be detected more rapidly in cultures from infants with early onset of AIDS.
Next, we evaluated whether in vitro rapid replication kinetics may be associated with viral burden. There was not a statistically significant correlation between the first day of p24 Ag detection in PBMC culture supernatants and initial plasma We next analyzed the effect of combined viral phenotypic properties on early clinical outcome. Kaplan-Meier analysis for time to AIDS revealed that only children who harbored NSI viral isolates with S replication rate showed a significant delay to AIDS progression (p ϭ 0.02, log rank test; Fig. 1C ). On the other hand, the presence of viral strains with rapid replication rate and/or SI capability constitutes poor prognosis markers.
Viral phenotype in relation to early immunosuppression. Rapid progression to AIDS during perinatal HIV-1 infection was significantly associated with advanced stages of immunosuppression (CD4 ϩ T-cell count 20% below normal, p ϭ 0.05, 2 test, data not shown). Therefore, we analyzed the association between SI or NSI capability and replication rate of HIV-1 isolates with age-adjusted CD4 ϩ T-cell counts. Results are shown in Table 3 . In pediatric HIV-1 primary infection, SI viral phenotype and R replication rate were significantly associated with lower CD4
ϩ T-cell counts, suggesting that these HIV-1 features may be relevant factors determining CD4 T-cell depletion. No association between H or L viral replication rate and immunosuppression in vertically infected infants was observed.
Viral load in relation to early AIDS outcome. The mean value of plasma HIV-1 burden during the first year of life was 5.70 log 10 copies/mL (range, 3.99 -7.00 log 10 ), with no significant difference between children who had or had not developed early AIDS (unpaired t test, data not shown). Because initial viral burden was determined at different time points within the first year of life and plasma viral load kinetics varies considerably along this time of infection, we further assessed the data according to the age of the children when viral load was first measured (Fig. 2) . Considering a plasma HIV-1 RNA cutoff level of 5.50 log 10 RNA copies/mL, the initial viral load measured within the first 5 mo of life did not differ whether the infants developed early AIDS or not (p ϭ 0.2, Fisher's exact test). On the other hand, 83 and 32% of the infants older than 6 mo with plasma HIV-1 RNA levels Ͻ 5.50 log 10 and Ͼ 5.50 log 10 copies/mL, respectively, did not develop early AIDS (p ϭ 0.06, Fisher's exact test). These data suggest that a relative low plasma viral load in vertically infected children older than 6 mo of life may predict a less severe clinical stage.
Finally, to determine the combined effect of SI or NSI viral phenotype, replication kinetics, plasma viral load, CD4 ϩ T-cell counts, and prophylactic ZDV on disease progression, we performed a multivariate analysis by Cox proportional hazard model. Results are shown in Table 4 . Rapid viral replication rate was the only variable that independently influenced early AIDS outcome (risk ratio, 2.48; 95% confidence interval, 1.14 -5.42; p ϭ 0.02).
DISCUSSION
The aim of this study was to evaluate the impact of HIV-1 replication phenotypes and initial viral burden during primary Contrary to other pediatric studies (20, 27) that reported the isolation of only NSI strains during the first year of HIV-1 infection, we observed that one fifth of HIV-1 isolates induced syncytium formation on MT-2 cells. Although NSI viral strains are the replication phenotypes most frequently transmitted, SI strains have also been transmitted by different routes (28 -31) . However, this phenotype tends to disappear soon after transmission, with only the NSI viral strains persisting (9, 30, 32, 33) . The presence of SI variants, as early as 1 mo of age, suggests that they could be the transmitter viruses or that an early and rapid switch from NSI to SI virus after infection has occurred, as observed by Resino et al. (18) . Nevertheless, both possibilities are not mutually exclusive.
It is accepted that SI HIV-1 strains are T-tropic, showing a more rapid and higher replication rate than NSI M-tropic strains. However, and in accordance with Connor and Ho (34) , in our study HIV-1 primary isolates replicated rapidly, independently of syncytium formation. The correlation observed between cell tropism, replication rate, and cytopathicity seems to be more representative of laboratory-adapted HIV-1 strains than of primary isolates (35) , which may explain the weak correlation found between the viral features analyzed in our study. SI capability and R/H replication rate are considered HIV-1 phenotypic properties of high virulence. In adults their appearance during the course of infection usually precedes a rapid decline in CD4 ϩ T-cell counts and the onset of AIDS (4 -6, 11-14, 36) . In HIV-1 perinatally infected children, the association between different viral features and disease progression remains controversial (15) (16) (17) (18) (19) (20) . We observed that most of the children harboring SI viral strains progressed to AIDS within the first year of life. However, more than a half of the infants with NSI viruses also developed early AIDS. Furthermore, HIV-1 with rapid replication rate independent of SI capability can predict pediatric disease progression with early development of immunosuppression and clinical AIDS. In our cohort, the proportion of children with early AIDS, although higher than in other reports (1-3), is somehow expected for children attending a tertiary care center without an obstetric unit. Therefore, it does not represent the AIDS development rate in an Argentinean pediatric population. Overall this does not affect the aim of this study, which evaluates the influence of viral biologic features on the clinical outcome of infection.
In adults during primary HIV-1 infection, once the level of viral burden reaches the steady state, it may predict the clinical course of HIV-1 infection (8) . In vertically infected children, although little is known about viral load patterns, plasma viral load increases rapidly after birth, reaching a peak within the first 6 mo of age (37), thereafter followed by a decline during the first 5 y of life (38) . Some authors (18, 39) have reported that viral load during the first months of life may be a good surrogate marker of disease progression in perinatally infected infants. In our pediatric cohort, the initial viral burden determined during the first year of life was high without showing prognostic value; it was only after 6 mo of life that it tended to be associated with disease progression.
CONCLUSIONS
In conclusion, during primary infection, in infants similar to adults, in vitro HIV-1 biologic features play an important role as predictors of early immunologic and clinical outcome so that viral phenotypic properties become relevant markers to be taken into account when designing therapeutic strategies. 
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